Two contrasting views of the active deformation of Asia dominate the debate about how continents deform: (i) The deformation is primarily localized on major faults separating crustal blocks or (ii) deformation is distributed throughout the continental lithosphere. In the first model, western Tibet is being extruded eastward between the major faults bounding the region. Surface displacement measurements across the western Tibetan plateau using satellite radar interferometry (InSAR) indicate that slip rates on the Karakoram and Altyn Tagh faults are lower than would be expected for the extrusion model and suggest a significant amount of internal deformation in Tibet.
Western Tibet lies between the Indian plate and the Tarim Basin ( Fig. 1) , an undeforming block whose motion relative to Eurasia is mainly taken up by deformation in the Tien Shan range to the north (1). The two major strike-slip faults of the region are the Karakoram Fault, running NW-SE in the southern part of the plateau; and the western end of the Altyn Tagh Fault system, which runs approximately E-W at the northern end of the region. Models that regard India's motion relative to Tarim as being taken up principally by eastward extrusion on these strike-slip faults postulate about 30 mm/year of dextral (right-lateral) slip on the Karakoram Fault, and 20 mm/year of sinistral (left-lateral) slip on the western Altyn Tagh (2) (3) (4) (5) . In contrast, models that consider the continental lithosphere to resemble continuous media, with faults representing the near-surface localization of distributed deformation at depth (6) (7) (8) , predict eastward extrusion of Tibet at no more than about 10 mm/year (8-10) Previous measures of the rate of slip on these major fault systems have come from the offsets of geologic features, divided by the estimated ages of those features, and from geodetic measurements of recent (less than 10 years) ground displacement on lines crossing the faults. Offsets of up to ϳ1000 km have been reported for geologic markers along the Karakoram Fault (3); division of such offsets by the presumed 30-million-year age of the motion yields a rate of ϳ30 mm/ year, consistent with the rate of 32 Ϯ 8 mm/year calculated by dividing the observed offsets of glacial moraine deposits by a presumed age of ϳ10,000 years (11) . However, lower rates of 4 to 8 mm/year, based on geologic observations, have also been proposed for the Karakoram Fault (12, 13) . These lower rates agree with geodetic measurements made over the past 10 years, which suggest rates of 3 Ϯ 5 mm/year (14) and 11 Ϯ 4 mm/year (15) .
On the Altyn Tagh Fault system, geologic estimates of slip rates are generally about 30 mm/year along the main portion of the Altyn Tagh Fault, with a somewhat lower rate (ϳ20 mm/year) at the western end (16) . In contrast, geodetic measurements yield estimates of the rate of slip on the Altyn Tagh Fault system of ϳ10 mm/year in its main portion (1, 17, 18) and 7 Ϯ 3 mm/year in its western portion (1) .
Attempts to explain the discrepancies between different studies include the suggestions that the ages assumed for offset glacial features may be underestimated by a factor of 3 or more (12, 19) and that field-based measurements, whether geologic or geodetic, may underestimate the total displacement across strike-slip zones. Satellite radar interferometry (In-SAR) can circumvent these difficulties by producing maps of crustal deformation, with a spatial resolution of a few tens of meters and a precision of a few millimeters, that cover regions hundreds of kilometers in extent. Although measuring interseismic deformation is difficult using InSAR because of the small deformation signal, a few studies have shown that it is possible, provided that fig. S1 . †B Ќ is the perpendicular baseline separation of the satellite orbits at the scene center and varies along the track between the values shown.
‡Standard deviation of the interferogram noise on the plateau. multiple interferograms are used (20, 21) . We exploited this capability to map the deformation of western Tibet and to estimate the total slip rate for each of its major fault systems.
We used 500-km-long strips of radar data acquired by the ERS-1 and ERS-2 satellites between 1992 and 1999. These data span the entire width of the western plateau, from the Tarim basin in the north to just north of the Himalayas, where the slopes are too steep for displacements to be obtained with ERS InSAR (Fig. 1) . The five independent interferograms produced cover time intervals of 1.9 to 3.6 years ( Table 1) . The topographic phase contribution was removed using a 3-arc-sec (ϳ90-m) digital elevation model from the Shuttle Radar Topography Mission (SRTM) (22) . The interferograms were summed and divided by the total time interval, 14.7 years, to determine the mean yearly range change ( Fig. 2A) . The lack of vegetation on the high Tibetan plateau allows a coherent signal over much of the ground area, even in our longer-interval interferograms (figs. S1 and S2), except in the areas of highest elevation, where we lose coherence in some interferograms, probably due to snow cover.
The biggest sources of uncertainty in InSAR data arise from differences in atmospheric water vapor between scenes, from errors in satellite orbits, and from errors in the surface elevations used to correct the topographic phase contribution (23) . At lower surface elevations, water vapor is the most problematic source of error for InSAR data. Over the 5000-m-high Tibetan plateau, however, the total amount of water vapor above the surface is low. We estimate a 1 error in mean yearly phase change of 0.7 mm/year on the plateau, rising to 1.8 mm/ year at the northern end of the region, where the elevation drops by about 3000 m into the Tarim basin ( Fig. 3 and supporting text).
InSAR observations (range changes) measure the component of deformation in the satellite line of sight, which is 23°from vertical at the swath center and perpendicular to the satellite flight direction. Thus, the interferograms (Fig. 2) are most sensitive to horizontal motion in a direction N78°W, which is roughly parallel to the two major strike-slip faults. For example, a left-lateral slip rate of 20 mm/year on faults parallel to the western Altyn Tagh Fault, almost perpendicular to the satellite track, would give a positive range change of around 7 mm/year north of the fault with respect to the south; and a 30 mm/year right-lateral slip rate on the Karakoram Fault, which is slightly less favorably oriented with respect to the flight direction, would result in a range change of nearly 8 mm/year (north side negative).
Our interferograms are also sensitive to any relative vertical motions across the fault zones, which could cause range changes in an opposite sense to the horizontal motions. However, topographic profiles across the Karakoram Fault in the area of our interferograms (Fig. 3B) suggest that there is no long-term relative vertical motion across it. Although there is geologic evidence for thrust faulting around 100 km north of the Altyn Tagh Fault at the edge of the Tarim Basin (24), Global Positioning System (GPS) data (1) suggest that the present-day rate of convergence here is less than 4 mm/year (Fig. 1) . Furthermore, this deformation would cause range changes that are spatially distinct from those caused by strike-slip motion on the Altyn Tagh Fault. We therefore assume that horizontal motion is dominant.
We determined the maximum interseismic slip rates for the Karakoram and Altyn Tagh Surface topography is from the GTOPO30 1-km digital elevation model; red lines show major faults, and GPS velocities relative to Eurasia (1, 32) are given as white arrows, with 95% confidence limits marked by the ellipses. The dashed black box shows the extent of Fig. 2. LGC, Longmu Gozha Co Fault. Faults that are consistent with the InSAR data. We use a model in which faults are assumed to slip aseismically at depth underneath a locked elastic lid. Surface displacements are then equivalent to those caused by an infinitely long screw dislocation in an elastic half-space (25) . We use a 10-km locking depth [consistent with the rupture extent in the 1997 Manyi earthquake (26) and graben flank uplift observations (27) ] and slip rates of 30 mm/year and 20 mm/year on the Karakoram and Altyn Tagh faults, respectively. The predicted surface displacements are then projected onto the local line-of-sight vector to the satellite and show strong range changes associated with both faults. Localized range changes remain even when applying the orbital correction to this model interferogram (Fig. 2B and fig. S3 ). We also constructed profiles of range change in the individual and stacked interferograms along the entire length of the interferogram, as well as perpendicular to the Karakoram and western Altyn Tagh Faults, by averaging all the phase data perpendicular to the profile in 10-km bins along it, to compare with model predictions (Fig. 3) .
For the Karakoram Fault Zone, the observed range changes across the fault are much smaller than those required by models with slip rates of 30 mm/year. To determine a range of acceptable slip rates, we held the locking depth fixed at 10 km and solved for the best-fit slip rate in a least-squares sense. Best-fit quadratic ramps to the InSAR data were also determined to allow for the effects of incorrectly modeled orbital phase. Tests show (supporting text) that this procedure is able to recover the correct model slip rates for inversions of synthetic data that had been subjected to such orbital adjustments. To account for data uncertainties, we used a Monte Carlo simulation technique in which correlated noise, with the same characteristics as that in the real interferograms, was simulated and added to the original data sets (28) . The inversion of these perturbed data sets yielded an ensemble of model slip rate solutions, the distribution of which gave the uncertainties. The right-lateral slip rate of the Karakoram Fault was found to be in the range of 1 Ϯ 3 mm/year, corresponding to an upper bound of 7 mm/year at the 95% confidence level; the left-lateral slip rate of the Altyn Tagh Fault was found to be 5 Ϯ 5 mm/year. Inversions in which the locking depth was increased to 15 km did not change the best-fit slip rates but increased the uncertainties slightly to 4 mm/ year and 6 mm/year for the Karakoram and Altyn Tagh Faults, respectively.
Because our data span western Tibet, we are able to investigate the deformation across less prominent faults within the plateau. There is a strong phase signature associated with a possible splay of the Longmu Gozha Co Fault (Fig.  2) , consistent with ϳ10 mm/year left-lateral strike-slip motion across it ( fig. S4D ), or alternatively around 5 mm/year of dip-slip motion (north down). By contrast, the Longmu Gozha Co Fault itself does not appear to be accumulating any left-lateral strain at present ( fig.  S4C) . It is also possible that other, nontectonic deformation sources are present in this area: The range changes in the individual interferograms are quite variable here ( fig. S2 ), which suggests possible seasonal effects.
Our upper limit of 7 mm/year for the right-lateral slip rate on the Karakoram Fault is smaller than the rate postulated by extrusion models (4, 5) but is consistent with recent geologic and geodetic estimates of relative motion across the fault (12, 14) . Although further data are required to reduce the uncertainty due to atmospheric effects, the left-lateral slip rate of 5 Ϯ 5 mm/year on the western Altyn Tagh (Karakax) Fault is also smaller than the geologic estimate of 20 mm/ year suggested by extrusion models (1, 16) but is close to the rate of 7 Ϯ 3 mm/year deduced from GPS measurements (1) . A comparable conclusion may also be drawn for the central Altyn Tagh Fault, east of the section considered here, where a lower bound of slip rate (13 Ϯ 2 mm/year) from geologic data (29) agrees with the GPS-determined rates of 9 Ϯ 2 mm/year (1, 17) . Thus, dated geologic offsets and geodetic measurements yield consistent estimates of slip rate that are inconsistent with the rates postulated for the extrusion of western Tibet as a rigid body.
In addition, if Tibet were being extruded as a rigid body, then the left-lateral and rightlateral fault systems would each have to accommodate a comparable amount of eastward motion. Our observations rule out rightlateral motion of more than 7 mm/year on the Karakoram Fault and show no evidence for other major right-lateral faults in western Tibet; if the deformation associated with the possible splay to the Longmu Gozha Co Fault is indeed left-lateral strike-slip, there would be around 20 mm/year of left-lateral motion associated with the northern strike-slip faults in western Tibet. This difference in motion must represent the internal deformation of Tibet-an interpretation consistent with GPS data from eastern Tibet (30) . We conclude that the InSAR data show the rates of internal de- formation of the region (31) to be comparable with or larger than the rates of deformation associated with faults bounding western Tibet.
